University of Kentucky

UKnowledge
Theses and Dissertations--Science, Technology,
Engineering, and Mathematics (STEM)
Education

Science, Technology, Engineering, and
Mathematics (STEM) Education

2021

EXPLORING THE IMPACT OF PRE-COLLEGE STEM EXPOSURE ON
FIRST-YEAR ENGINEERING STUDENT SELF-EFFICACY
Micaha Dean Hughes
University of Kentucky, micahardean@uky.edu
Digital Object Identifier: https://doi.org/10.13023/etd.2021.125

Right click to open a feedback form in a new tab to let us know how this document benefits you.

Recommended Citation
Dean Hughes, Micaha, "EXPLORING THE IMPACT OF PRE-COLLEGE STEM EXPOSURE ON FIRST-YEAR
ENGINEERING STUDENT SELF-EFFICACY" (2021). Theses and Dissertations--Science, Technology,
Engineering, and Mathematics (STEM) Education. 15.
https://uknowledge.uky.edu/stem_etds/15

This Master's Thesis is brought to you for free and open access by the Science, Technology, Engineering, and
Mathematics (STEM) Education at UKnowledge. It has been accepted for inclusion in Theses and Dissertations-Science, Technology, Engineering, and Mathematics (STEM) Education by an authorized administrator of
UKnowledge. For more information, please contact UKnowledge@lsv.uky.edu.

STUDENT AGREEMENT:
I represent that my thesis or dissertation and abstract are my original work. Proper attribution
has been given to all outside sources. I understand that I am solely responsible for obtaining
any needed copyright permissions. I have obtained needed written permission statement(s)
from the owner(s) of each third-party copyrighted matter to be included in my work, allowing
electronic distribution (if such use is not permitted by the fair use doctrine) which will be
submitted to UKnowledge as Additional File.
I hereby grant to The University of Kentucky and its agents the irrevocable, non-exclusive, and
royalty-free license to archive and make accessible my work in whole or in part in all forms of
media, now or hereafter known. I agree that the document mentioned above may be made
available immediately for worldwide access unless an embargo applies.
I retain all other ownership rights to the copyright of my work. I also retain the right to use in
future works (such as articles or books) all or part of my work. I understand that I am free to
register the copyright to my work.
REVIEW, APPROVAL AND ACCEPTANCE
The document mentioned above has been reviewed and accepted by the student’s advisor, on
behalf of the advisory committee, and by the Director of Graduate Studies (DGS), on behalf of
the program; we verify that this is the final, approved version of the student’s thesis including all
changes required by the advisory committee. The undersigned agree to abide by the statements
above.
Micaha Dean Hughes, Student
Dr. Margaret J. Mohr-Schroeder, Major Professor
Dr. Molly H. Fisher, Director of Graduate Studies

EXPLORING THE IMPACT OF PRE-COLLEGE STEM EXPOSURE ON FIRSTYEAR ENGINEERING STUDENT SELF-EFFICACY

________________________________________
THESIS
________________________________________
A thesis submitted in partial fulfillment of the
requirements for the degree of Master of Science in Education in the College of
Education
at the University of Kentucky

By
Micaha Dean Hughes
Lexington, Kentucky
Director: Dr. Margaret J. Mohr-Schroeder, Professor of STEM Education
Lexington, Kentucky
2021

Copyright © Micaha Dean Hughes 2021

ABSTRACT OF THESIS

EXPLORING THE IMPACT OF PRE-COLLEGE STEM EXPOSURE ON FIRSTYEAR ENGINEERING STUDENT SELF-EFFICACY
STEM (science, technology, engineering, and mathematics) outreach programs
for high school students have become more widely available during the last decade in an
effort to drive more graduates into the ever-growing STEM field in the United States.
This study utilizes the Longitudinal Assessment of Engineering Self-Efficacy (LAESE)
survey to investigate a possible relationship between specific pre-college STEM outreach
programs and noncognitive predictors of success in first-year undergraduate engineering
students. Students in their first semester of a first-year engineering program at a large,
public research university completed the LAESE survey and were asked to identify their
participation in one of three defined modes of pre-college (high school) STEM program
exposure: 1) no pre-college STEM program exposure, 2) informal pre-college STEM
program exposure, or 3) formal pre-college STEM program exposure. Results indicated
that students with formal or no pre-college STEM program exposure had lower, negative
values of engineering self-efficacy, career success expectations and feelings of inclusion
in their undergraduate program. Students who had informal pre-college STEM program
exposure had higher, positive values. These results support the need for noncognitive
assessment for differentiated, targeted support of first-year engineering students, with or
without pre-college STEM program exposure.
KEYWORDS: First-year engineering, self-efficacy, pre-college outreach, Project Lead
the Way, engineering education
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CHAPTER 1. BACKGROUND AND INTRODUCTION
1.1

Background
Throughout the past decade, there has been a strong push in the United States to

increase the number of STEM (science, technology, engineering and math) graduates
from colleges and universities. Among other benefits, increasing the number of STEM
graduates, particularly in engineering and computer science, is considered to be
instrumental to the health of the economy and world standing in math and science in the
U.S. (Phelps et al., 2018). While undergraduate enrollment has risen and fallen from 2000
to present, there were near-constant gains in science and engineering (S&E) bachelor’s
degree attainment from 2000 to 2015 (Figure 1, National Science Board, 2018).

Figure 1.1: S&E Bachelor's Degrees by Field: 2000-2015 (NCES, 2018).
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Due to administrative differences in college admissions and enrollment structures
at postsecondary institutions, it is difficult to pinpoint exactly how many students are
seeking undergraduate engineering degrees each year in the U.S. One constraint is the
classification of computer science as an engineering major; at some institutions, computer
science is part of the engineering college, but at others, it may be designated elsewhere,
such as a college of arts and sciences or information technology. Despite this inconsistency,
the American Society of Engineering Education (ASEE) found that undergraduate
engineering enrollment, including computer science, in programs accredited by the
Accreditation Board of Engineering and Technology (ABET) increased by approximately
63% from 2006 to 2015, with freshman enrollment following a similarly sharp, upward
trend (American Society of Engineering Education, 2018).
Even with positive enrollment trends, engineering programs are still not graduating
enough engineering students to fill the demanding job market. In order to increase the
number of skilled STEM graduates, postsecondary institutions must consistently target a
two-pronged, bookend approach to success: (1) continually broaden community
participation in and access to higher education in order to expand enrollment, and (2)
improve retention measures to ensure more students graduate. In engineering education,
both enrollment and retention have seen substantial growth in the last decade, but are still
significant challenges, especially for most marginalized student populations (Bowen et. al,
2020).
In response to the national need for more engineering graduates, the federal
government and auxiliary entities such as the National Science Foundation have called for
the rapid and wide expansion of STEM education opportunities, from preschool to
2

postsecondary programs (P-20). Much of the emphasis has been on increasing engagement
with and for underrepresented students in STEM, specifically women, Black and
Hispanic/Latinx students. The enrollment and retention gaps for marginalized students by
sex and race and ethnicity continues to be wide, especially in engineering. From 20052015, the percentage of women graduating with a bachelor’s degree in engineering hovered
around 20 percent, the percentage of Hispanic/Latinx students graduating remained below
10 percent, and the percentage of Black students graduating remained below 5 percent
(Yoder, 2015).

1.2

Introduction
Although these data show a clear need for targeted enrollment and retention efforts

for marginalized groups, there is room for improvement to expand participation in
engineering for students of all demographics in order to meet the rising demand in the job
market. Most available research that examines the lack of students entering postsecondary
STEM programs — and the subsequent STEM graduate shortage — focuses on “observed”
credentials, such as course grades, ACT/SAT scores, and math and science readiness
indicators (Lee, 2013). While these criteria are important to note and have been proven to
have a significant impact on a student’s likelihood of persistence, they do not provide a full
scope of why students succeed in engineering — a student with high cognitive ability is
not guaranteed to persist in their degree program.
Despite explosive growth in engineering recruitment and retention outreach
programs, there is limited available research that looks beyond cognitive factors to examine
student matriculation and persistence in engineering (Pierrakos et al., 2009). In addition to
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cognitive ability, there are several “unobserved” factors that may be additional indicators
of academic success (Wanzer et. al, 2019). Noncognitive factors, including student social
skills, self-efficacy, and academic perseverance, are not commonly probed when students
begin academic programs at postsecondary institutions.
One of the noncognitive factors, self-efficacy, is a social cognitive construct
introduced by Bandura (1997) that suggests the way a person views their capability of
success has a great impact on their actual level of success (Bandura, 1997). Self-efficacy
beliefs are the thoughts and ideas people hold about their ability to complete tasks to
achieve a desired goal or outcome (Hutchison, Follman, Sumpter & Bodner, 2008). A
student’s self-efficacy beliefs can drastically influence their decisions, including but not
limited to the choice to apply to and enroll in college programs and the determination to
persevere in an undergraduate major (Hutchison et al., 2008).
Self-efficacy is measurable through validated instruments created for educational
research, including the survey instrument used in this study, the Longitudinal Assessment
of Engineering Self-Efficacy (LAESE). The LAESE survey was developed by the
“Assessing Women and Men in Engineering” Project, funded by the National Science
Foundation (NSF). LAESE is an assessment for noncognitive subscales including
engineering self-efficacy, career expectations and feelings of inclusion (Dygert et. al,
2020). These subscales measure student confidence and self-perception of efficacy in
barrier situations, such as challenging math and science courses, lack of interaction with
peers and faculty/staff, and heavy academic workload.
In response to the COVID-19 pandemic, which could undoubtedly be considered a
“barrier situation” for students, many U.S. colleges and universities have adopted “test4

optional” admissions policies. These policies have widened admission access for students
unable to take an ACT or SAT test due to the pandemic, or who do not otherwise meet the
school’s regular test score admission criteria. Following the flood of test-optional
admission policies, schools ramped up “holistic application reviews,” shifting the weight
distribution of admission criteria away from reported scores and grades and toward
individual, noncognitive skills and abilities.
This shift in academic performance prediction will have lasting ramifications on how
educators and administrators perceive success indicators. For undergraduate engineering
programs, the inconsistencies in K-12 engineering curriculum and policy can cause
additional challenges in identifying academic preparedness in students. As more precollege STEM outreach programs are developed in order to close the opportunity gap and
attract students to the engineering field, more research and assessment tools are needed to
examine how these programs may affect noncognitive predictors of success, such as
student self-efficacy.

1.3

Research Questions
The purpose of this quantitative, phenomenological study is to examine the impact

of pre-college STEM exposure on first-year engineering student self-efficacy. This study
sought to answer the following research questions:
● To what extent does exposing students to STEM outreach content, specifically in
high school, correlate with a stronger sense of self-efficacy, stronger feelings of
inclusion, and greater career success expectations during the first year of an
undergraduate engineering program?
5

● How are the self-identified levels of engineering self-efficacy, feelings of
inclusion, and career success expectations distinguishable by sex and/or ethnicity?
This study aims to examine potential correlation between high school STEM
outreach program exposure and undergraduate engineering student self-efficacy, with the
recommendation of differentiated assessment of first-year engineering students.

Copyright © Micaha Dean Hughes 2021
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CHAPTER 2. REVIEW OF LITERATURE
2.1

Engineering Self-Identity Development
Learning is a continuous process that involves adapting to and understanding

community behaviors, roles and attitudes to better identify with the learning community
(Verdín et al., 2018). Research indicates a clear connection between pre-college
engineering exposure and increased interest in engineering careers, with much of the
increase attributed to a strengthening of “STEM identity.” Applying social identity theory,
STEM identity can be defined as the extent to which students identify themselves as
members of a specific STEM field (engineers, mathematicians, etc.), and how they see
themselves in relation to any stereotypes or characteristics placed on people in those fields
(Kim et al., 2018). Development of the engineering identity is crucial to matriculation and
persistence in undergraduate engineering programs. Recent studies have shown that
students who do not identify with engineering, or whose engineering identity is weaker
than their peers, will quickly migrate out of engineering if they ever enter it at all (Patrick
& Borrego, 2016).
2.1.1

Self-Efficacy and the Development of Engineering Identity

The engineering identity can be developed and strengthened in many ways, from
hands-on experiences in STEM to mentorship from a known engineer. One study found
that high school students who had an engineer parent or sibling were more likely to pursue
engineering themselves (Godwin et al., 2014). This strong familial influence indicates a
sort of “occupational inheritance,” where beliefs and values regarding a career choice are
passed on to children and siblings (Godwin et al., 2014). While self-identity is not a
theoretical duplicate of self-efficacy, they are relevant constructs as they both highlight
7

one’s beliefs of their own capabilities and perceptions for a task or domain (Patrick et al.,
2016). Even though the students did not participate in engineering learning themselves,
their engineering self-identity and their engineering self-efficacy values were higher than
students who had no familial exposure to engineering as a career option, a clear illustration
of Bandura’s self-efficacy construct of “vicarious experiences.”
Bandura outlined four areas from which self-efficacy beliefs develop over time:
mastery experiences, vicarious experiences, social persuasions, and physiological states.
Mastery experiences, or one’s perception of task performance, have the most significant
effect on student self-efficacy beliefs. Positive mastery experiences, or instances where
students achieve desired outcomes on a task, can raise students’ confidence in their ability
to complete tasks related to it (Hutchison et al., 2008). Vicarious experiences have less
prominent influence on self-efficacy, as they are second hand observations of another
person’s experience with a similar task, but as we just learned from the study of parental
influence, they are still impactful. Social persuasion relates to the outward judgment of
others, positively or negatively, and can impact an individual’s likelihood of completing a
task. And finally, physiological states describe a physio-emotional response, such as
anxiety or stress, during a task (Morris, Dygert, & Hensel, 2018).
The assumption is that students with higher engineering self-efficacy values based
on these experiences and beliefs are more likely to consider and succeed in engineering
(Fantz et al., 2011). Given that students develop educational self-efficacy values through
participating in experiences, there should be ample opportunity given to students to engage
with engineering concepts in K-12 STEM curriculum. However, as it stands, exposure to
engineering in the traditional K-12 classroom is limited.
8

2.1.2

Engineering in the Traditional K-12 School

Among all the subjects emphasized in K-12 STEM education, engineering has
largely been left out of the conversation for many years. Until the development of the Next
Generation Science Standards (NGSS) and American Society for Engineering Education
(ASEE) K-12 STEM Guidelines for All Americans, there were no comprehensive
standards or frameworks for K-12 engineering instruction (Gearns et al., 2018). Either
precursory or subsequently, or both, engineering has not been implemented as a standard
part of most teacher education programs, leaving current educators without formal training
in engineering instruction. In turn, the typical K-12 student has little to no interaction with
STEM education that is specifically labeled as “engineering.”
The introduction of the engineering design framework in the NGSS has major
implications on the inclusivity of engineering education in the K-12 classroom (NGSS
Lead States, 2013). The NGSS has three dimensions for fully integrated STEM education,
including “crosscutting concepts,” “science and engineering practices,” and “disciplinary
core ideas” (NGSS Lead States, 2013). NGSS allows for more intentional infusion of
engineering concepts into math and science classrooms by elevating the importance of
engineering design to that of existing core curricular ideas such as physical, life, earth and
space sciences (Phelps, Camburn, Min et al., 2018).
Research indicates that high school course experiences significantly influence
student decisions on college enrollment and major choice (Phelps et al., 2018). While high
school students are encouraged to take advanced mathematics and science courses to
prepare for the collegiate engineering curriculum, the thread connecting math and science
courses to a degree in engineering is thin and rarely linked, unless the student knows where
9

to look and who to ask for information. When preparing course schedules and pre-college
curriculum, high school students depend heavily on school guidance counselors to prepare
them for their college or career pathway. In a recent study, high school students identified
having personal interest in an area as the most influential factor in selecting a career choice,
naming teachers, counselors and parental influence as the main drivers for personal interest
(Hall, Dickerson, Batts, Kauffmann, & Bosse, 2011). This is problematic for postsecondary
engineering enrollment, because a vast majority of school guidance counselors have never
spent time teaching in the classroom, have limited understanding of NGSS or other
educational standards, and generally lack professional development opportunities to better
comprehend STEM career preparation (Gearns et al., 2018).
2.1.3

Influence of Early Engineering Engagement

The call for increased exposure to engineering for K-12 students is largely based
on research that indicates students begin making college and career decisions as early as
middle school (Wyss et al., 2012). The engineering field has a significant image problem,
which creates additional obstacles for student interest. The predominant perception of
engineering is that the coursework is “difficult,” male-dominated, and indelibly tied to
mathematics, which results in automatic dismissal of interest by a large population of
students (Godwin, Potvin, Hazari, & Lock, 2016). Without more consistent and
streamlined inclusion of engineering into the K-12 curriculum, common student
misconceptions and stereotypes of engineering cannot be widely addressed or debunked.
In response, a key goal of K-12 engineering programs is to increase the awareness
of what engineering is and what engineers do, in hopes of strategically growing a student’s
sense of engineering identity in their early years prior to making college and career
10

decisions. In 2009, the National Academy of Engineering (NAE) identified that pre-college
engineering exposure holds a variety of benefits including:

2.2

●

Increased awareness of engineering and the work of engineers;

●

Understanding of and the ability to engage in engineering design; and

●

Interest in pursuing engineering as a career (Utley et. al, 2019).

Pre-College Initiatives in Engineering Education
To curb the opportunity gap in access to engineering and encourage student interest,

there has been a significant nationwide effort from a variety of stakeholders to offer more
pre-college engineering programs, in both formal and informal settings. Colleges and
universities, STEM education nonprofit organizations, and industry stakeholders have
started offering engineering outreach programs to K-12 students to garner more community
interest in and awareness of engineering as a viable college and career choice. When
considering the diversity of these stakeholders, defining formal versus informal education
can become nuanced, especially when examining certain criteria such as time spent on
certain concepts, development of curriculum used, qualifications of the instructor,
interaction with other students and more. For purposes of this study, formal education is
defined as “in-school and part of the regular school day” and informal education is defined
as “out-of-school or after-school.”
2.2.1

Formal Pre-College Engineering Programs

Aside from engineering design concepts in NGSS, it can be challenging for
educators to fully embrace engineering in the K-12 classroom. As previously stated, most
teachers have not been formally trained in engineering education nor have they taken
11

engineering or engineering education courses in their own teacher preparation programs.
In order to address these shortcomings, some K-12 schools have adopted pre-packaged
programs to help incorporate engineering into the school day. There are several options for
schools to consider, such as “Engineer Your World,” developed by the University of Texas
at Austin, or even state-developed curriculum, such as “Engineering is Elementary” in
Massachusetts. Using pre-packaged programs in engineering education comes with great
benefits, such as a full set of curriculum, professional development, developer support, and
a wide peer network given the vast amount of program users across the nation.
One of the most prevalent, if not the most prevalent, formal engineering curriculum
is Project Lead the Way (PLTW). PLTW encourages educators and students to engage with
engineering education through hands-on, project-based learning which promotes the
understanding of the engineering design process (Gearns et al., 2018). PLTW currently
offers curriculum packages for all levels of P-12 learning. PLTW Launch is an exploratory
PreK-5 curriculum intended to introduce elementary school students to basic engineering
concepts and engineering careers. PLTW Gateway is a middle school program for grades
6-8 that gradually introduces foundational engineering principles such as teamwork and
critical thinking skills. In high school, PLTW offers three streamlined packages for
computer science, engineering, and biomedical science, which targets the engineering
design process by incorporating hands-on skills labs (PLTW, 2020). School participation
in the PLTW program is significant across the United States, growing from just 30 schools
in 1998 to more than 10,000 schools in 2018 (Utley, Ivey, Weaver, & Self, 2019).
Despite the popularity of the program, the biggest hurdle with implementing PLTW
is the cost of the program to schools. To implement three courses of a PLTW program
12

(Principles of Engineering, Engineering Design and Development, and Engineering
Essentials) into a high school, for an estimated 20 students per class, including the cost of
supplies and equipment, professional development, and school registration, the “PLTW
Investment Calculator” estimates just over $34,000 in expense to the school (PLTW, 2020).
That estimate is just for three of the common courses; there are ten available courses for
high school students available from PLTW. To incorporate all ten courses into a high
school, the cost is more than $138,000 (PLTW, 2020). For many school districts, especially
in rural areas, this cost is insurmountable. In some situations, grant funding is available,
but the educator must have support from administration and the time and experience to
apply for it. Thus, the challenge of integrating engineering-specific curriculum into the K12 school day continues to be difficult to navigate for educators.
2.2.2

Informal Pre-College Engineering Programs

Although there are ways to improve the existing structure of formal engineering
education, schools will never be able to fully encompass all there is to teach students about
engineering. Informal education, or out-of-school or after-school programs, supplement
formal engineering education to provide students a more rich, thorough exposure to
engineering. NSF estimates that informal STEM education institutions served more than
60% of U.S. schools in 2012, impacting more than 36 million students (NSF, 2012).
Given the dearth of engineering curricula and course availability in schools,
coupled with the challenge of enrollment growth, many postsecondary institutions have
turned to their own development of outreach programs. Informal STEM opportunities such
as summer camps, student organizations, and day-long family programs continue to grow
in numbers. Students in high schools may choose to participate in after-school programs
13

such as Science Olympiad or FIRST Robotics Clubs, which are intended to provide outof-classroom learning experiences that contribute to a positive STEM identity, and feelings
of inclusion and community (Ortiz et al., 2018). These programs and organizations give
way to more authentic engagement in STEM education, where students are allowed to
participate in peer-driven, real-world activities that foster interest in STEM (Roberts et al.,
2018).
These programs create an engineering “pipeline,” where, ideally, students are
exposed to engineering content at an early age and decide to persist in an engineering field
through their postsecondary education and into a career. These programs, specifically those
that target high school students, are often created with a goal of increasing postsecondary
student enrollment (Utley et al., 2019). One study found that more students who attended
their university-level engineering summer program enrolled in their undergraduate
engineering program than did students in their control group (15% to 9%, respectively)
(Sontgerath & Demetry, 2019). While there are more available studies which support the
theory that informal outreach programs positively impact undergraduate enrollment,
researchers must be cautious of confounding variables. Most notable is the motivation
behind informal outreach program registration and participation — most participants either
have parents/guardians who register them for the event, or they are old enough (high school
age, for example), to self-select into the program. Researchers must consider that adults
who would register a student, or students who would register themselves, for STEM
programs likely already find value in the academic components and may have an
established engineering identity.

14

Even still, the practice of using outreach programs to attract students to engineering
is pervasive. This study encourages a shift in thinking for postsecondary outreach
professionals and administrators: to place less emphasis on direct enrollment growth from
pre-college outreach programs and more attention toward strengthening participant STEM
identity and efficacy to accomplish matriculation and later retention. Educators have
traditionally and overwhelmingly used pre-college engineering programs as a way to
identify and recruit future engineering students (Utley et al., 2019). But studies show
researchers can also utilize pre-college outreach programs as a measure by which to
calculate self-efficacy values, to strengthen both recruitment and retention efforts for
academic and social intervention.

2.3

Effects of Engineering Self-Efficacy on Retention
A host of studies have been conducted to find connections between engineering self-

efficacy and retention, but some results are cautionary due to the near impossibility of
removing confounding variables. Research on engineering identity as it pertains to selfefficacy is still relatively new and narrow. When researching and applying the concept of
engineering self-identity as it pertains to self-efficacy, we must also take intersectionality
into account. Self-identity is not a total molding of one’s personality into a community of
thought. Rather, self-identity must include more nuanced identities, such as gender, sex,
ethnicity and race, first-generation student status, sexual orientation, and other personal
and educational identity factors (Patrick et al., 2016). Engineering identity directly affects
engineering self-efficacy, as one’s attitudes and beliefs surrounding belonging can
significantly impact their confidence to complete tasks and goals within the confines of the
community.
15

A vast number of interventions have been used to increase the general sense of
belonging and feelings of inclusion within the community for first-year students. A recent
study showed that first-to-second year retention was positively associated with a sense of
belonging, highlighting the importance of social adjustment and satisfaction in the first
year of undergraduate education (Han, Farruggia, & Moss, 2017). College programs such
as “living-learning communities,” where students are grouped in residence halls by major
or other like classifications, lead to stronger, more positive social acclimation. Faculty and
staff interactions with students have also been found to increase student sense of belonging.
Further, interactions that are specifically between students and their instructors are
positively associated with higher student sense of belonging within the college community,
and academic success and retention in the program (Duran et al., 2020).
According to Rittmeyer et al. (2008), “STEM self-efficacy predicts academic
performance beyond one’s ability or previous achievement because confident individuals
are motivated to succeed.” This is highly important to note, because university and college
retention teams rarely consider student cohort self-efficacy values in order to address or
prevent potential retention challenges. Instead, many undergraduate programs continue to
focus on traditional learning factors that influence engineering persistence: GPA,
ACT/SAT scores (especially in mathematics for engineering students), and course
readiness, identified by completed high school coursework. Again the emphasis is on the
difference between “observed” vs. “unobserved” qualities and traits that foster educational
success. While readiness data such as GPA and test scores can be indicative of future
student success, they can also be inequitable. Not all schools have college test-prep
resources, a high level of math coursework or other college preparation initiatives available
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for students, therefore while low grades and scores may serve as an indicator of success,
they cannot tell the full story of academic preparation or self-efficacy for predicted
persistence (Rodriguez, 2018).
While administrators and educators can continue to strive for more equitable
admissions practices, there is not yet enough existing research to support dismissing
traditional academic readiness scales with confidence. A 2017 study at West Virginia
University in the Academy of Engineering Success (AcES) Program used three indicator
scales to account for first-year attrition -- one scale for grit (GRIT), one for self-efficacy
(LAESE, the assessment used in this study), and another for motivational beliefs (MSLQ).
Researchers found that students who left the engineering program, voluntarily or by
dismissal, were students who scored higher in grit, engineering self-efficacy and career
success expectations than their peers who stayed (Dygert et al., 2020). When the AcES
program conducted the study again in 2018 with a new cohort of students, they found a
more expected outcome, as students who were retained scored higher in every area except
for two: self-efficacy and self-regulation. Researchers pointed to the “Dunning-Kruger
effect” when analyzing the unexpected results from the 2017 cohort; they hypothesized
that the students who left engineering but had high self-efficacy and grit levels
overestimated their abilities to perform in the college while students who had lower scores
but stayed were more realistic about their potential persistence. These inconsistencies make
drawing clear conclusions difficult but are a result of the self-reporting and self-identifying
nature of self-efficacy research.
Copyright © Micaha Dean Hughes 2021
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CHAPTER 3. METHODOLOGY
The First-Year Engineering (FYE) Program at the University of Kentucky began in
fall 2016 with the mission to provide all incoming first-year engineering students with a
common, comprehensive introductory academic experience in the College of Engineering.
The FYE program is intended to complement general education (UK Core) requirements
most common to engineering students, including calculus, chemistry and physics. Key
goals of the FYE program are to help students develop academic and transferable skills
while encouraging interdisciplinary social connection among engineering students in their
freshman year of study.
The FYE program consists of three courses, which include: Engineering (EGR) 101,
EGR 102, and EGR 103. EGR 101, Engineering Exploration I, is an exploratory course
that introduces students to working in teams, practicing with engineering skills such as
modeling and analysis, and providing peer reviews. The course culminates with a “Create
Your Future” project, where students describe a personal exploration of their talents and
interests, identifying their intended discipline of choice and career goals. EGR 102,
Fundamentals of Engineering Computing, is a hands-on, project-based learning course on
the principles of computer programming and computational problem-solving. EGR 103,
Engineering Exploration II, involves a semester-long, team-based engineering design
project that is intended to challenge students to apply their skills learned in EGR 101 and
102, as well as soft skills such as project management and teamwork. Due to the twosemester nature of a traditional academic year, it is commonplace for first-year students to
take EGR 101 and 102 concurrently in the first (Fall) semester, and EGR 103 in the second
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(Spring) semester of the freshman year. At the time of this study, there were nine faculty
members who were identified as lecturers in the FYE program.
At the time of this study, in fall 2020 (academic year 2020-2021), there were 670 firsttime freshman students enrolled in the University of Kentucky College of Engineering. Of
those 670 students, 521 (77.8%) were male and 149 (22.2%) were female. Five hundred
forty-eight (81.8%) of students were considered in-state (Kentucky) at the time of
enrollment, with the remaining 122 (18.2%) coming to the university from another state in
the U.S. 522 students (77.9%) were continuing-generation education students (at least one
parent completed a bachelor’s degree), and 148 (22.1%) were first-generation (neither
parent had completed a bachelor’s degree). Nine students (1.3%) were considered
international students.
In this study, “underrepresented” populations refer to the following groups:
females/women, African/Black American, American Indian/Alaskan Native, and
Hispanic/Latinx American (University of Kentucky, 2020). At the time of this study, the
race/ethnicity distribution for enrolled first-year engineering students was: 531 White
students (79.3%), 35 Hispanic/Latinx students (5.2%), 32 Asian students (4.8%), 17
Black/African American students (2.5%), 17 students with two or more races (2.5%), 9
students identified as non-resident alien (1.3%), 1 American Indian/Alaskan Native student
(0.1%), and 28 students who did not disclose race/ethnicity at the time of enrollment
(4.2%).
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3.1

Participants
The participants in this study were first-time, first-year (freshman) students enrolled

in the first semester (fall) of the First-Year Engineering (FYE) Program at the University
of Kentucky (UK). The UK College of Engineering offers ten undergraduate majors:
biomedical engineering, biosystems engineering, chemical engineering, civil engineering,
computer science, computer engineering, electrical engineering, materials engineering,
mechanical engineering and mining engineering. Students entering their freshman year of
study may select any of these disciplines as their major, or they may select “first-year
engineering” as their major when applying to the college, which indicates an exploratory
or “undeclared” pathway until they declare a major. All first-year students who are enrolled
in the College of Engineering are required to participate in the FYE program.
Participants of this study were invited to participate by three modes of
communication. First, students were emailed once a link to an electronic version of the
study and were invited but not asked or required to participate by their first-year academic
advisors in the College of Engineering. Second, a reminder was placed on the Canvas
Learning Management System shell for first-year engineering students, again by first-year
academic advisors. Finally, students in the first-year engineering program were permitted
time in a first-year engineering program class meeting to complete the survey. The
researchers were not present at time of in-person opportunity to complete the instrument.
No incentives were given to students who chose to complete the survey, and only students
who identified as first-time freshmen were included in the survey.
The demographic distribution of survey respondents is provided in Figure 3.1 and
Figure 3.2 below. There were 280 students who identified as male (73.5%) and 88 students
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who identified as female (23.1%). Of the respondents, there were 333 White students
(87.4%), 17 Black students (4.5%), 19 Asian and Pacific American students (5%), 15
Hispanic/Latinx students (3.9%), 11 International Students (1.3%), 2 American
Indian/Alaskan Native students (0.5%), and 7 students who identified as “other/not
specified” (1.8%).

Figure 3.1: Distribution of respondents by sex
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Figure 3.2: Distribution of respondents by race/ethnicity.
3.2

Instrumentation and Data Collection
This study was conducted using the AWE LAESE (LAESE v 3.1) survey. The

LAESE survey, or “Longitudinal Assessment of Engineering Self-Efficacy,” is a tested and
validated survey created to “identify longitudinal changes in the self-efficacy of
undergraduate students studying engineering” (Marra & Bogue, 2009). In addition to
exploring changes in self-efficacy, LAESE also includes questions that are targeted toward
retention and persistence goals. LAESE was created by The Pennsylvania State University
and University of Missouri “AWE,” The Assessing Men and Women Project, to determine
if educational projects that target women are effective in achieving goals. AWE is a
National Science Foundation (NSF)-funded project and a partner to the Society of Women
Engineers and the National Girls Collaborative Project.
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The LAESE survey contains approximately 60 items, which are a mixture of
ranking questions, single-answer, multiple choice, and Likert scale questions. Of the Likert
scale questions, there are 21 questions that use a 7-point Likert scale (0-6), and there are
10 questions that use two separate Likert scales per question. For the 10 questions that use
two separate Likert scales, there are 7-point scales (“to what extent do you agree”) and 5point scales (“how important is this?”) that are both used on each of those 10 questions
(Dygert et al., 2020). The LAESE survey includes a set of six subscales, shown in Table
3.3, by which the survey questions can be measured to determine certain self-efficacy goals
over time. This study only uses four of the subscales for data analysis: engineering career
success expectations, engineering self-efficacy I, engineering self-efficacy II, and feeling
of inclusion. The LAESE subscales are each intended to measure a different part of
engineering self-efficacy. The subscale on engineering career expectations includes
questions such as “someone like me can succeed in an engineering career” and “a degree
in engineering will allow me to obtain a job that I like.” The engineering self-efficacy I and
II subscales measure student expectation of academic success, and include questions such
as “I will succeed (earn an A or B) in my math courses” or “I can persist in an engineering
major during the next year.”
Due to the COVID-19 pandemic, the study instrument was administered solely
online and no paper surveys were permitted. The survey questions were written into a
Qualtrics survey form for online completion. AWE (2007) states that questions may be
added to the LAESE instrument in order to garner information on activity-specific or
institutional questions. To best determine if pre-college STEM exposure impacts first-year
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engineering student self-efficacy at the University of Kentucky, one question was added to
the survey instrument, which can be seen in Table 3.1 below.
Table 3.1 Added LAESE Survey Question

Added LAESE Survey Question on Pre-College STEM Exposure
(Added Question 1) The following is a list of engineering-related academic programs
potentially available to you during high school. Check all the activities that you
participated in while you were a high school student. (Check all that apply)
❏
❏
❏
❏
❏
❏
❏
❏
❏

3.3

PLTW (Project Lead the Way)
Robotics Club (VEX, FIRST, etc.)
Science Olympiad
Engineering Summer Camp (at any location)
Governor’s Scholars Program
Governor’s School for the Arts
Governor’s School for Entrepreneurship
STEM Career Program (magnet or school specialty program)
Other

Data Analysis
There were 443 respondents to the survey instrument, and of those, 381 responses

were utilized in this study’s data analysis. Fifty-eight of the original responses were
incomplete and were therefore not included. Another 4 responses were not included
because the respondents began the survey and identified their age as under 18, which
automatically ended the survey after the first question (age). Those 4 were removed from
the analysis as well, as they were incomplete, for a total of 62 removed responses.
Analysis on the added question regarding “pre-college STEM exposure” (Figure
3.1) was completed in three ways. First, a decision was made to eliminate the use of three
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Kentucky-specific programs — Governor’s Scholars Program (GSP), Governor’s School
for the Arts (GSA), and Governor’s School for Entrepreneurship (GSE) — for three
reasons: while GSP does have an engineering component in which students can participate,
it is not a given that all students who completed GSP were on the engineering track. Second,
GSA and GSE are not typically associated with STEM education. And third, GSP, GSA
and GSE are only open to Kentucky students, and there was not enough reason to
differentiate between in-state vs. out-of-state students during the remainder of the analysis.
For those reasons, the analyzed responses for the added question on pre-college STEM
exposure can be found in Table 3.2 below.
Table 3.2. Added LAESE Survey Question, Revised for Analysis

Added LAESE Survey Question on Pre-College STEM Exposure, Revised for Analysis

(Added Question 1) The following is a list of engineering-related academic programs
potentially available to you during high school. Check all the activities that you
participated in while you were a high school student. (Check all that apply)
❏
❏
❏
❏
❏
❏

PLTW (Project Lead the Way)
Robotics Club (VEX, FIRST, etc.)
Science Olympiad
Engineering Summer Camp (at any location)
STEM Career Program (magnet or school specialty program)
Other

During analysis, responses on this question were analyzed in four ways. First, a
new variable was computed to include involvement in any of the listed programs, i.e. if a
student responded they were involved in just one, all of them, or any combination in
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between. Second, a new variable was computed to include involvement in formal STEM
programs, which included PLTW and STEM Career Program (magnet and school specialty
program), as each of these followed the earlier definition of in-school, in-classroom
experiences during the normal school day. Then, a third variable was computed to include
involvement in informal STEM programs, which included Robotics Clubs (VEX and
FIRST Robotics were given as examples), Science Olympiad, and Engineering Summer
Camp, as each of these followed the earlier definition of out-of-school or after-school
programs. Finally, a fourth variable was created for students who identified that they had
not completed any of the listed programs. The “other” variable was an open-ended variable,
and was cleaned for data analysis. Any program that fit into one of the five available
categories (PLTW, STEM Career Program, Robotics Clubs, Science Olympiad, or
Engineering Summer Camp) were assigned appropriately and the remainder of “other”
entries were not analyzed in this study.
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CHAPTER 4. RESULTS AND ANALYSIS
4.1

Instrument Reliability
LAESE (Longitudinal Assessment of Engineering Student Self-Efficacy) is an

undergraduate survey instrument that has been tested and validated on both female and
male engineering students (AWE, 2006). AWE determined that Cronbach’s Alpha values
between .70 and .90 indicates high internal reliability in the instrument. All subscales
except for one in this study were within .70 and .90. The only Cronbach’s Alpha value that
fell below this criterion was for the coping self-efficacy subscale, which is one of the two
subscales not analyzed in this study.

Table 4.1. Cronbach's Alpha for LAESE subscales in this study (AWE, 2007).

LAESE subscale

Cronbach’s Alpha Value

Engineering career expectations - 7 items

⍺ = .786

Engineering self-efficacy I - 5 items

⍺ = .709

Engineering self-efficacy II - 6 items

⍺ = .838

Feeling of inclusion - 4 items

⍺ = .700

Coping self-efficacy - 6 items

⍺ = .686
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⍺ = .714

Math outcome expectations - 3 items

4.2

Respondent Participation in Pre-College STEM Programs
Of the respondents, 63.8% had participated in one of the listed formal or informal

STEM programs in high school. Of those, 27.3% had participated in PLTW, 14.7% had
participated in a STEM Career Magnet or Specialty Program in their school, 7.9% had
participated in some type of Engineering Summer Camp or Program, 21.5% had
participated in a Robotics Club, and 6.3% had participated in the Science Olympiad
organization. 36.2% of respondents had never participated in any of the programs (Table
4.2).
Table 4.2 Respondent participation in pre-college STEM programs.
STEM program

Total Number
Participated

Total Number
Responses

% respondents
participated

Project Lead the Way
(PLTW)

104

381

27.3%

STEM Career Magnet or
Specialty Program

56

381

14.7%

Engineering Summer
Camp

30

381

7.9%

Robotics Club

82

381

21.5%

Science Olympiad

24

381

6.3%

None

138

381

36.2%

28

4.3

Data Analysis
The data in this study were analyzed utilizing Statistical Package for the Social

Sciences (SPSS) version 26. This study sought information on correlation between precollege STEM exposure and the self-efficacy values of first-year engineering students.
Given the limited nature of available research in this area, the study used exploratory
design, and the data were analyzed using correlational analysis to determine any possible
relationship between pre-college STEM exposure and engineering self-efficacy. The
LAESE survey instrument consists largely of Likert scale questions and the responses were
cleaned and coded for data analysis. The purpose of this study was to examine any potential
correlation between pre-college STEM program exposure and factors of self-efficacy in
first-year engineering students. Provided this aim, and the ordinal data set within the
survey, Spearman’s rho values were calculated to identify association between the
variables.
4.3.1

Sex and engineering self-efficacy

When analyzing Spearman’s rho correlation, the mean of subscales for engineering
self-efficacy I and II were not statistically significantly different for men vs. women.
However, there were statistically significant differences between feelings of inclusion
(p<0.05) and career success expectations (p<0.01) between men and women, again
supporting existing research that women tend to expect to not fit in with engineers or into
engineering environments (Boucher & Murphy, 2017). It should be noted that the
sex/gender options on this survey were binary (men and women/male and female were the
only choices), and this resulted in lower response as 13 students declined to respond to
binary sex/gender identification.
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As shown in Table 4.3, men had higher mean scores than women on every LAESE
subscale. This data supports existing research that indicates that women are less likely to
be confident and less likely to feel “part of the group” in undergraduate engineering
programs and later, in the engineering career field.

Table 4.3. Sex differences on LAESE subscales.

Subscale

Subscale Mean
Male

Female

Engineering career expectations

5.8596

5.5952

Engineering self-efficacy I

5.1066

4.9977

Engineering self-efficacy II

5.8283

5.5793

Feeling of inclusion

4.4990

4.3409

Table 4.4. Spearman’s rho correlation between gender and LAESE subscales.

Subscale (Mean)

Engineering
Self-Efficacy I

Engineering Feelings of Career
Self-Efficacy Inclusion
Success
II
Expectations

Male Indicator

Engineering Self- 1.000
Efficacy I

.623**
(<.001)

.337**
(<.001)

.503**
(<.001)

.063
(.229)

Engineering Self- .623**
Efficacy II
(<.001)

1.000

.283**
(<.001)

.500**
(<.001)

.092
(.079)
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Feelings
Inclusion

of .337**
(<.001)

.283**
(<.001)

1.000

.342**
(<.001)

.110*
(.035)

Career Success .503**
Expectations
(<.001)

.500**
(<.001)

.342**
(<.001)

1.000

.209**
(<.001)

Male Indicator

.092
(.079)

.110*
(.035)

.209**
(<.001)

1.000

.063
(.229)

*p<0.05; **p<0.01.

4.3.2

Race/ethnicity and engineering self-efficacy

Race/ethnicity differences were less consistent as compared to gender differences.
In this study, “underrepresented” populations refer to the following groups:
females/women, African/Black American, American Indian/Alaskan Native, and
Latino/Hispanic American (University of Kentucky, 2020). Overall, URM students had a
lower subscale mean on career expectations and engineering self-efficacy II, but a higher
subscale mean on feelings of inclusion and engineering self-efficacy I (Table 4.5).
There was a negative, statistically significant relationship observed between
race/ethnicity and career success expectations. Listed in the career success expectations
subscale were items such as “I expect to be treated fairly on the job. That is, I expect to be
given the same opportunities for pay raises and promotions” and “I expect to feel ‘part of
the group’ on my job if I enter engineering” (AWE, 2006). This data indicates that minority
students have lower expectations of career success in engineering than their non-minority
peers.
Minority students also had a significantly lower mean Likert score on the
engineering self-efficacy II subscale but slightly higher mean Likert score on the
engineering self-efficacy I subscale; however both subscale findings were statistically
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insignificant. Minority students also had a higher mean score on the feelings of inclusion
(FOI) subscale, although the difference was minimal.
It should be noted that while the number of minority students who completed the
survey was small (53 students), participation in the survey by underrepresented minority
students was stronger than participation in the survey by White students in proportion to
enrollment data for race/ethnicity at the time of this study. The high representation for
minority students in the cohort indicates a strong internal validity as it pertains to
race/ethnicity difference on LAESE subscales in the fall 2020 cohort of first-year
engineering students.

Table 4.5. Race/ethnicity differences on LAESE subscales.

Subscale

Subscale Mean
URM

White

Engineering career expectations

5.4875

5.7944

Engineering self-efficacy I

5.0824

5.0587

Engineering self-efficacy II

5.6093

5.7523

Feeling of inclusion

4.4690

4.4536
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Table 4.6. Spearman’s rho correlation between race/ethnicity and LAESE subscales

Subscale
(Mean)

Engineering
Self-Efficacy I

Engineering
Self-Efficacy
II

Feelings of Career
Underrepresented
Inclusion
Success
Minority (URM)
Expectations

White
Indicator

Engineering
Self-Efficacy
I

1.000

.623**
(<.001)

.337**
(<.001)

.503**
(<.001)

.006
(.904)

-.014
(.788)

Engineering
Self-Efficacy
II

.623**
(<.001)

1.000

.283**
(<.001)

.500**
(<.001)

-.053
(.307)

.043
(.407)

Feelings of .337**
Inclusion
(<.001)

.283**
(<.001)

1.000

.342**
(<.001)

.033
(.518)

.040
(.441)

Career
.503**
Success
(<.001)
Expectations

.500**
(<.001)

.342**
(<.001)

1.000

-.122**
(.017)

.089
(.082)

Underrepres
ented
Minority
(URM)

.006
(.904)

-.053
(.307)

.033
(.518)

-.122*
(.017)

1.000

-.694**
(<.001)

White
Indicator

-.014
(.788)

.043
(.407)

.040
(.441)

.089
(.082)

-.694**
(<.001)

1.000

*p<0.05; **p<0.01.

4.3.3

Pre-college STEM exposure and engineering self-efficacy

A question regarding pre-college STEM exposure was added to the original AWE
LAESE survey in an effort to identify potential differences in the subscale scores for
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students who had been involved in formal, informal, or no pre-college STEM programs in
high school. The data from this question were analyzed in two ways: first, the subscale
means for each individual variable (PLTW, STEM Career Magnet, Science Olympiad,
Engineering Summer Camp, Robotics Club, no pre-college STEM program) were
observed. Second, correlational analysis was completed for each of the subscales against
the three newly coded variables: formal STEM programs (includes PLTW and STEM
Career Magnet), informal STEM programs (includes Science Olympiad, Engineering
Summer Camp, Robotics Club), and no pre-college STEM program.
The subscale means for the individual variables, shown in Table 4.7, indicated that
all students had a moderately flat mean score for feelings of inclusion in engineering, with
students who had formal pre-college STEM exposure having a slightly lower FOI score
and students who had informal pre-college STEM exposure having a slightly higher FOI
score than students with no pre-college STEM exposure at all. Notably, students who
specifically indicated involvement in a STEM Career Magnet program, such as a high
school program where they could select a STEM-focused academic “track,” had the lowest
or second-lowest scores across all the analyzed subscales.
Table 4.7. Pre-college STEM exposure differences on LAESE subscales

STEM Program

Subscale Mean
Engineering
Efficacy I

Self- Engineering
Self-Efficacy II

Career
Success
Expectations

Feelings of
Inclusion

Project Lead the Way

5.0367

5.6981

5.7597

4.3483

STEM Career Magnet

4.9540

5.6366

5.6295

4.3482
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Science Olympiad

5.0407

5.5354

5.6124

4.5246

Summer 5.1419

5.7067

5.7000

4.4863

5.1019

5.8195

5.8608

4.5270

No pre-college STEM 5.0283
program

5.6960

5.7061

4.4412

Engineering
Camp
Robotics Club

Correlational analysis was conducted to observe any possible relationship between
the LAESE subscales and exposure to pre-college STEM programs (Table 4.8). While not
statistically significant (p<.05), clear trends emerged in the data. Students who indicated
exposure to formal pre-college STEM programs (Project Lead the Way or STEM Career
Magnet/Specialty Program) and students who indicated that they had no pre-college STEM
exposure had a negative correlational relationship in every LAESE subscale analyzed for
this data set (engineering self-efficacy I, engineering self-efficacy II, feelings of inclusion,
and career success expectations). The sole exclusion of this was the relationship between
students who indicated no pre-college STEM exposure and the feelings of inclusion
subscale, which was null.
In contrast, there was a positive trend between students who indicated informal precollege STEM exposure (engineering summer camp, robotics club, Science Olympiad) and
every analyzed LAESE subscale. These data findings suggest that students who
participated in informal pre-college STEM programs have higher expectations of career
success, feel more like they are “part of the group” in engineering, and are more likely to
feel confident in engineering “barrier” situations (such as a bad test grade), when compared
to students who participated in formal pre-college STEM programs or no pre-college
STEM program at all.
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Table 4.8. Spearman’s rho correlation between LAESE subscales and pre-college STEM exposure.

Subscale (Mean)

Engineering Engineering
SelfSelfEfficacy I
Efficacy II

Feelings
of
Inclusion

Career
Success
Expectations

All precollege
stem

Formal precollege
STEM

Informal
pre-college
STEM

No pre-college
STEM

Engineering SelfEfficacy I

1.000

.623**
(<.001)

.337**
(<.001)

.503**
(<.001)

-.013
(.806)

-.060
(.241)

.050
(.330)

-.050
(.333)

Engineering SelfEfficacy II

.623**
(<.001)

1.000

.283**
(<.001)

.500**
(<.001)

.011
(.837)

-.031
(.549)

.075
(.143)

-.057
(.270)

Feelings of Inclusion

.337**
(<.001)

.283**
(<.001)

1.000

.342**
(<.001)

-.009
(854)

-.084
(.102)

.048
(.352)

.000
(.996)

Career Success
Expectations

.503**
(<.001)

.500**
(<.001)

.342**
(<.001)

1.000

-.023
(.660)

-.050
(.331)

.038
(.456)

-.061
(.238)

All pre-college STEM

-.013
(806)

.011
(.837)

-.009
(.854)

-.023
(.660)

1.000

.777**
(<.001)

.664**
(<.001)

-.693**
(<.001)

Formal pre-college
STEM

-.060
(.241)

-.031
(.549)

-.084
(.102)

-.050
(.331)

.777*
(<.001)

1.000

.176**
(.001)

.-535**
(<.001)

Informal pre-college
STEM

.050
(.330)

.075
(.143)

.048
(.352)

.038
(.456)

.664**
(<.001)

.176**
(.001)

1.000

-.522**
(<.001)

No pre-college STEM

-.050
(.333)

-.057
(.270)

.000
(.996)

-.061
(.238)

-.693**
(<.001)

-.535**
(<.001)

-.522**
(<.001)

1.000

*p<0.05; **p<0.01.
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CHAPTER 5. CONCLUSION AND FUTURE IMPLICATIONS
This study sought to contribute to the literature an exploration of possible correlation
between high school STEM outreach exposure and student self-efficacy in the first-year of
an undergraduate engineering program. A national push to enroll and retain more students
in STEM majors, particularly engineering and computer science, has caused a rise in
development and implementation of pre-college STEM programs to attract more students
to the field. Formal pre-college STEM programs, where students engage in STEM
education during the typical school day, have been incorporated in high schools with
programs such as Project Lead the Way or streamlined “career tracks” for students to
follow. Informal pre-college STEM programs, where students participate in after-school or
specialty educational programs, are sought after by students and parents looking to enrich
their education with summer programs and extracurricular activities in STEM education.
Despite the rapid expansion of formal and informal pre-college STEM program
opportunities, there is limited available research on their efficacy in regard to matriculation
into and retention in postsecondary engineering and computer science programs. Most
available research on this topic explores the connection between pre-college STEM
programs and college STEM matriculation using “observed credentials,” such as
ACT/SAT scores and GPA (Lee, 2013). This study explored possible correlation between
pre-college STEM exposure and “unobserved” credentials: student self-efficacy, career
success expectations, and feelings of inclusion in a cohort of first-year engineering
students.
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5.1

Discussion of Results
Women had a lower mean Likert score for every analyzed subscale compared to men.

Most notably, sex had a statistically significant impact on students’ feelings of inclusion
and career success expectations in engineering. Women were less likely to feel part of the
group in engineering, and they also had lower confidence that they would succeed in the
engineering career field if they persisted in the program. These findings support existing
data that women are less confident in pursuing engineering as a career choice, and that the
perception of hostility toward women in the engineering industry begins early in the
educational journey.
Data comparing race/ethnicity to the observed subscales showed different, but also
statistically significant findings. Underrepresented students (Black/African American,
Latinx/Hispanic, American Indian and Alaskan Native) had a higher mean Likert score for
the feelings of inclusion subscale, which was an unexpected finding due to the lower rate
of representation of underrepresented students in the program. However, underrepresented
students had significantly lower engineering career success expectations, indicating that
underrepresented students are much less confident about finding and enjoying a career in
engineering after graduation.
Correlational analysis of pre-college STEM exposure on the LAESE subscales
yielded clear, but statistically insignificant trends. Students who participated in informal
pre-college STEM programs, such as engineering summer camps or Science Olympiad,
had the highest correlation with positive engineering self-efficacy, feelings of inclusion in
the program, and career success expectations. On the other hand, students who participated
in formal pre-college STEM programs in high school, namely Project Lead the Way and
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STEM Career Magnet programs, had the most negative correlation with engineering selfefficacy, feelings of inclusion and career success expectations — even lower than students
who had no pre-college STEM program exposure at all. These findings suggest that
informal learning experiences strengthen student confidence, while the specified formal
learning experiences may actually hinder student self-efficacy, feelings of inclusion and
career success expectations in engineering.
These findings support the findings from the 2017 study at West Virginia University
in the Academy of Engineering Success (AcES) Program, discussed earlier, in which
researchers pointed to the “Dunning-Kruger effect,” where students who have low
academic preparedness overestimated their readiness because of perceived ability and then
failed to persist in the engineering program. However, the opposite could also be true in
this case — students could be suffering from “imposter syndrome,” which can be defined
as “feelings of inadequacy that persist despite actual success” (HBR, 2008). However, with
only quantitative data collected in this study, it is impossible to determine which effect, if
either, is true.
Nevertheless, these data findings are important when considering a point from the
literature review. To reiterate, according to Rittmeyer et al. (2008), “STEM self-efficacy
predicts academic performance beyond one’s ability or previous achievement because
confident individuals are motivated to succeed.” If student self-efficacy can assist in
predicting academic performance, there is a clear use for self-efficacy evaluation in
determining interventional strategies to ensure better student retention in the program.
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5.2

Limitations
There are two significant limitations to this study. First, the quantitative nature of

the data collection limits understanding of these findings. The survey instrument forced
limited response options (e.g. “formal” vs. “informal” STEM program; “STEM Career
Magnet” as opposed to an engineering class). Limiting the students’ pre-college STEM
exposure to so few categories limits the scope of the results. As discussed in the conclusion
of this research, a mixed-methods approach to this data would provide additional,
clarifying information for analysis and interpretation.
Second, all data were self-reported by students. Self-reporting can induce bias or
incorrect reporting. The data were cleaned and aggregated prior to and during analysis to
reduce the likelihood of self-reporting errors.

5.3

Future Implications and Final Remarks
It is important to note that despite the ability to use the LAESE as a longitudinal

instrument, this study is cross-sectional. The study was completed during the first semester
of the first year of enrollment in a postsecondary engineering program. This research does
not follow a student from the time of their reported pre-college STEM exposure to the time
of the survey, nor does it follow students from the time of the survey to graduation.
Longitudinal, mixed-methods research in this area would allow for a more thorough
understanding of pre-college STEM program implications on matriculation and retention.
Further, the AWE LAESE instrument is one of very few tested and validated survey
instruments for pre-college outreach program evaluation in STEM. As more programs
emerge in pursuit of growing postsecondary engineering programs, there must be more
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ways to evaluate programs for efficacy. Given the limited exposure to engineering for
typical students in public high schools, pre-college STEM programs will continue to be on
the rise. These programs come with a cost — money, time, and other finite resources —
and effective evaluation of programs is needed to determine future direction for pre-college
outreach professionals, school and university administrators, and community partners.
Finally, this study encourages evaluation of potential student success in more ways
than cognitive factors. Likelihood of student persistence is much more complex than
ACT/SAT scores and grade point averages; educators and administrators must take into
consideration earlier academic experiences, academic confidence, sense of belonging and
inclusion, and even the way students envision themselves in the future career field. If
students have higher expectations of themselves to succeed, then perhaps they are more
likely to do so. By providing students with earlier opportunities to gain confidence in
engineering, particularly in informal settings where they have the chance to gain authentic
experience, they may feel more self-assured in their ability and belonging, and therefore,
be more likely to persist.

Micaha Dean Hughes © 2021
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APPENDICES

APPENDIX 1. LAESE SURVEY WITH ADDED QUESTION [17] ON PRECOLLEGE STEM PROGRAMS.

Assessment of Pre-College Programs and Self-Efficacy in
the First Year of Engineering Survey
Please enter your age.
________________________________________________________________
Skip To: Q77 If Condition: Please enter your age. Is Less Than 18. Skip To: Thank you for completing this
survey ....

I have read, or been informed of, the information about this study and hereby
consent to participate in the study. If you do not wish to participate, please close this
web browser.

o I CONSENT TO PARTICIPATE IN THE STUDY.
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Q1 Your intended major as of today (Select one):

o Biosystems (1)
o Chemical (2)
o Civil (3)
o Computer Engineering (4)
o Computer Science (5)
o Electrical (6)
o Materials (7)
o Mechanical (8)
o Mining (9)
o Major not selected (10)
o Other (11) ________________________________________________

Q2 Gender

o Male (1)
o Female (2)
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Q3 Ethnicity/Citizenship: (Check a maximum of two)

▢
▢
▢
▢
▢
▢
▢
▢

1. African/Black American (1)
2. American Indian/Alaskan Native (2)
3. Asian & Pacific American (3)
4. Latino/Hispanic American (4)
5. White American (5)
6. Foreign National on Student Visa (6)
7. Foreign National/U.S. Resident (Green Card) (7)
8. Other (8) ________________________________________________

Q4 As of today, I am a: (Choose one)

o First-year Student (1)
o Second-year Student (2)
o Third-year Student (3)
o Fourth-year Student (4)
o Fifth-year Student and above (5)
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Q5 Where were you immediately before starting at this institution? (Select one).

o High School (1)
o 4-year college (2)
o Vocational/technical school (3)
o 2-year college (4)
o Military (5)
o Working a full-time job (6)
o Other (7) ________________________________________________

Q6 ANSWER ONLY IF FIRST-YEAR STUDENT: My experience of the work
required in high school classes was: (Check one)

o It was very easy for me to get the grade I wanted in all my classes (1)
o With a few exceptions, it was easy for me to get the grade I wanted in my classes
(2)
o I had to work some, but not all that hard to get the grade I wanted in my classes
(3)
o I had to work hard to get the grade I wanted in my classes (4)

Q7 ANSWER ONLY IF FIRST-YEAR STUDENT: In college, I expect: (Check one)

o I will have to work less than I did in high school to get the grades I want (1)
o I will have to work the same amount as I did in high school to get the grades I
want (2)
o I will have to work harder than I did in high school to get the grades I want (3)

Q8 What was your cumulative college GPA as of the end of the most recently completed
semester?
________________________________________________________________
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Q9 At the present time, how satisfied are you with your decision about your specific
engineering major? (Select a number from the scale below)

o Very Dissatisfied (1)
o Dissatisfied (2)
o Neither satisfied nor dissatisfied (3)
o Satisfied (4)
o Very Satisfied (5)

Q10 At the present time, how confident are you that you will keep your chosen
engineering major through college? (Check one from the items below)

o Not at all confident; I am already planning to change my major (1)
o Not very confident; it is highly likely that I will change my major (2)
o There's about a 50% change that I'll change my major (3)
o I'm fairly confident that I will keep my current choice as my major (4)
o I'm very confident that I will keep my current choice as my major (5)

Q11 At the present, are you exploring other possible majors for your university degree?

o Yes (1)
o No (2)

Display This Question:
If At the present, are you exploring other possible majors for your university degree? = Yes

Q12 What are the other major(s)?
________________________________________________________________
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Q13 What sources of information from universities or colleges did you use to make your
decision about which engineering major to pursue? (Select all that apply)

▢ College or university advisors (1)
▢ College or university classes (2)
▢ UK First-Year Engineering Program (3)
▢ University "open houses" or campus visit days (4)
▢ University or college-hosted summer programs (5)
▢ Other activities sponsored by the college of engineering (6)
▢ National rankings data on the college or university (7)
▢
Other - please specify (8)
________________________________________________
Q14 What other sources of information did you use when considering which engineering
major to pursue? (Select all that apply)

▢ Employers (1)
▢ High School Teachers (2)
▢ High School Counselors (3)
▢ Parents (4)
▢ Other family members (5)
▢ Did not consult with any sources (6)
▢
Other (please specify) (7)
________________________________________________
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Q17 The following is a list of engineering-related academic programs potentially
available to you during high school. Check all the activities that you participated in while
you were a high school student. (Check all that apply)

▢
▢
▢
▢
▢
▢
▢
▢
▢

PLTW (Project Lead the Way) (1)
Robotics Club (VEX, FIRST, etc.) (2)
Science Olympiad (3)
Engineering summer camp (at any location) (4)
Governor's Scholars Program (5)
Governor's School for the Arts (6)
Governor's School for Entrepreneurs (7)
STEM Career Program (magnet or specialty program) (8)
Other (9) ________________________________________________

Q15 The following is a list of academic and/or academic preparation activities. Check all
the activities that you have participated in at least once during the past calendar year:

▢
An engineering society (such as American Society of Mechanical
Engineers) (1)
▢
▢
▢
▢
▢
▢
▢
▢

A social sorority or fraternity (2)
Activities sponsored by your department or major (3)
An intramural or university sports team (4)
Engineering Living Learning Program (5)
SWE (Society of Women Engineers) (6)
NSBE (National Society of Black Engineers) (7)
SHPE (Society of Hispanic Professional Engineers) (8)
Facilitated Study Groups (9)
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Q16 Directions: For the situations described in the following items, use the numbers 1,
2, and 3 (where 1 is your first choice and 3 would be your last choice) to RANK NO
MORE THAN 3 ACTIONS THAT BEST describe how you would react to the
situation.
Q18 If I were having difficulties with one of my professors, I would:
Rank No More Than Three Items: (1-3)
______ Talk to a friend about it (1)
______ Talk to the professor about it (2)
______ Talk to my advisor about it (3)
______ Try to switch sections (4)
______ Do nothing (5)
______ Other (please specify) (6)
Q19 If I were having difficulties deciding what classes to choose for next semester, I
would:
Rank No More Than Three Items: (1-3)
______ Talk to my peers/friends in my same year in college (e.g. other freshmen) (1)
______ Talk to my advisor about it (2)
______ Talk to practicing professionals in the field (3)
______ Make the best decision on my own (4)
______ Other (please specify) (5)
Q20 If I were on a student team and having difficulties with one or more of my team
members, I would:
Rank No More Than Three Items: (1-3)
______ Gather the entire team and try to solve the problem (1)
______ Talk to classmates who aren't in my team (2)
______ Try to switch into another team (3)
______ Talk to course professor or TA about rectifying the problem (4)
______ Drop the course (5)
______ Do the best I can to work effectively on the team (6)
______ Other (please specify) (7)
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Q21 If I had just found out that I had performed poorly on an exam in a class that is
critical to my major, I would:
Rank No More Than Three Items: (1-3)
______ Talk to a friend about it (1)
______ Talk to the professor about it (2)
______ Talk to my advisor (3)
______ Drop the course (4)
______ Do nothing (5)
______ Other (please specify) (6)

Q22 Directions: Below are statements about studying engineering.
For each statement, indicate whether you Strongly Disagree, Disagree, Slightly
Disagree, Neither Disagree nor Agree, Slightly Agree, Agree, Strongly
Agree, or Don't Know.
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Q26 I can relate to the people around me in my classes.

o Strongly Disagree (1)
o Disagree (2)
o Slightly Disagree (3)
o Neither disagree nor agree (4)
o Slightly Agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

Q28 I can succeed in an engineering curriculum.

o Strongly Disagree (1)
o Disagree (2)
o Slightly Disagree (3)
o Neither disagree nor agree (4)
o Slightly Agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

52

Q29 I have a lot in common with the other students in my classes.

o Strongly Disagree (1)
o Disagree (2)
o Slightly Disagree (3)
o Neither disagree nor agree (4)
o Slightly Agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

Q30 Someone like me can succeed in an engineering career.

o Strongly Disagree (1)
o Disagree (2)
o Slightly Disagree (3)
o Neither disagree nor agree (4)
o Slightly Agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

Q31 The other students in my classes share my personal interests.

o Strongly Disagree (1)
o Disagree (2)
o Slightly Disagree (3)
o Neither disagree nor agree (4)
o Slightly Agree (5)
o Agree (6)
o Strongly Agree (7)
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o Don't Know (8)
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Q32 I can succeed in an engineering curriculum while not having to give up participation
in my outside interests (e.g. extracurricular activities, family, sports).

o Strongly Disagree (1)
o Disagree (2)
o Slightly Disagree (3)
o Neither disagree nor agree (4)
o Slightly Agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

Q33 I can relate to the people around me in my extracurricular activities.

o Strongly Disagree (1)
o Disagree (2)
o Slightly Disagree (3)
o Neither disagree nor agree (4)
o Slightly Agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

Q39 I will succeed (earn an A or B) in my physics courses.

o Strongly Disagree (1)
o Disagree (2)
o Slightly Disagree (3)
o Neither disagree nor agree (4)
o Slightly Agree (5)
o Agree (6)
o Strongly Agree (7)
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o Don't Know (8)
Q40 I will succeed (earn an A or B) in my math courses.

o Strongly Disagree (1)
o Disagree (2)
o Slightly Disagree (3)
o Neither disagree nor agree (4)
o Slightly Agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

Q41 I will succeed (earn an A or B) in my engineering courses.

o Strongly Disagree (1)
o Disagree (2)
o Slightly Disagree (3)
o Neither disagree nor agree (4)
o Slightly Agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

Q25 Directions: Below are statements about studying engineering.
For each statement, indicate whether the statement is Very Unimportant, Unimportant,
Neither Important nor Unimportant, Important, or Very Important to you in terms
of completing your engineering degree.
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Q34 I can relate to the people around me in my classes.

o Very Unimportant (1)
o Unimportant (2)
o Neither Important nor Unimportant (3)
o Important (4)
o Very Important (5)

Q35 I can succeed in an engineering curriculum.

o Very Unimportant (1)
o Unimportant (2)
o Neither Important nor Unimportant (3)
o Important (4)
o Very Important (5)

Q36 I have a lot in common with the other students in my classes.

o Very Unimportant (1)
o Unimportant (2)
o Neither Important nor Unimportant (3)
o Important (4)
o Very Important (5)

Q37 Someone like me can succeed in an engineering career.

o Very Unimportant (1)
o Unimportant (2)
o Neither Important nor Unimportant (3)
o Important (4)
o Very Important (5)
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Q38 The other students in my classes share my personal interests.

o Very Unimportant (1)
o Unimportant (2)
o Neither Important nor Unimportant (3)
o Important (4)
o Very Important (5)

Q39 I can succeed in an engineering curriculum while not having to give up participation
in my outside interests (e.g. extracurricular activities, family, sports).

o Very Unimportant (1)
o Unimportant (2)
o Neither Important nor Unimportant (3)
o Important (4)
o Very Important (5)

Q40 I can relate to the people around me in my extracurricular activities.

o Very Unimportant (1)
o Unimportant (2)
o Neither Important nor Unimportant (3)
o Important (4)
o Very Important (5)
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Q42 I will succeed (earn an A or B) in my physics courses.

o Very Unimportant (1)
o Unimportant (2)
o Neither Important nor Unimportant (3)
o Important (4)
o Very Important (5)

Q43 I will succeed (earn an A or B) in my math courses.

o Very Unimportant (1)
o Unimportant (2)
o Neither Important nor Unimportant (3)
o Important (4)
o Very Important (5)

Q44 I will succeed (earn an A or B) in my engineering courses.

o Very Unimportant (1)
o Unimportant (2)
o Neither Important nor Unimportant (3)
o Important (4)
o Very Important (5)

Q45 Directions: For each statement below indicate whether you Strongly Disagree,
Disagree, Slightly Disagree, Neither Disagree nor Agree, Slightly Agree, Agree,
Strongly Agree, or Don't Know by selecting the appropriate answer.
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Q46 I am confident that I can complete the math requirements for most engineering
majors.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Click to write Choice 8 (8)

Q47 I am confident that doing well at math will enhance my career/job opportunities.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)
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Q48 I am confident that a degree in engineering will allow me to obtain a well paying
job.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

Q49 I am confident that I can do well in an engineering major during the current
academic year.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)
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Q50 I am confident that I will be treated fairly on the job. That is, I expect to be given the
same opportunities for pay raises and promotions as my fellow workers if I enter
engineering.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

Q51 I am confident that I can complete any engineering degree at this institution.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)
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Q52 I am confident that I can cope with doing poorly (or not as good as I had hoped) on a
test in one of my engineering classes.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

Q53 I am confident that a degree in engineering will give me the kind of lifestyle I want.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)
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Q54 I am confident that I can make friends with people from different backgrounds
and/or values.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

Q55 I am confident that doing well at math will increase my sense of self-worth.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)
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Q56 I am confident that I will feel "part of the group" on my job if I enter engineering.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

Q57 I am confident that I can complete the physics requirements for most engineering
majors.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)
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Q58 I am confident that taking math courses will help me to keep my career options
open.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

Q59 I am confident that I can cope with friends' disapproval of my chosen major.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)
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Q60 I am confident that a degree in engineering will allow me to get a job where I can
use my talents and creativity.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)
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Q61 I am confident that I can cope with being the only person of my race/ethnicity in a
class.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)

Q62 I am confident that I can persist in engineering during the current academic year.

o Strongly Disagree (1)
o Disagree (2)
o Slightly disagree (3)
o Neither Disagree nor Agree (4)
o Slightly agree (5)
o Agree (6)
o Strongly Agree (7)
o Don't Know (8)
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Q63 Directions: For each statement below, indicate whether you Strongly Disagree,
Disagree, Slightly Disagree, Neither Disagree nor Agree, Slightly Agree, Agree,
Strongly Agree, or Don't Know by selecting the appropriate answer.
Q64 I am confident that I can approach a faculty or staff member to get assistance with
academic problems.

o Strongly Disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neither agree nor disagree (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
o Don't Know (8)

Q66 I am confident that I can adjust to a new campus environment.

o Strongly Disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neither agree nor disagree (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
o Don't Know (8)
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Q67 I am confident that a degree in engineering will allow me to obtain a job that I like.

o Strongly Disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neither agree nor disagree (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
o Don't Know (8)

Q68 I am confident that I can complete the chemistry requirements for most engineering
majors.

o Strongly Disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neither agree nor disagree (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
o Don't Know (8)

Q69 At the present time, how confident are you that you will be enrolled in any major in
the college of engineering in the next academic year? (Select one).

o Not at all confident; I am already planning to change out of engineering. (1)
o Not confident; it is likely that I will not be in engineering then. (2)
o There's about a 50% chance that I'll still be in engineering. (3)
o I'm fairly confident that I will still be in engineering then. (4)
o I'm very confident that I will still be in engineering then. (5)
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Q70 At the present time, how confident are you that you will graduate with your current
engineering major? (Select one).

o Not at all confident; I am already planning to change my major. (1)
o Not confident; it is highly likely that I will change my major. (2)
o There's about a 50% chance that I'll change my major. (3)
o I'm fairly confident that I will keep my current choice as my major. (4)
o I'm very confident that I will keep my current choice as my major. (5)

Q71 At the present time, how confident are you that you will complete any engineering
degree (any engineering major)? (Select one).

o Not at all confident; I am already planning to change my major. (1)
o Not confident; it is highly likely that I will change my major. (2)
o There's about a 50% chance that I'll change my major. (3)
o I'm fairly confident that I will keep my current choice as my major. (4)
o I'm very confident that I will keep my current choice as my major. (5)

Q72 At the present time, how confident are you that you will complete any degree (any
major) at this institution? (Select one).

o Not at all confident; I am already planning to transfer to another institution or
drop out of college. (1)
o Not confident; it is highly likely that I will not complete any college degree. (2)
o There's about a 50% chance that I'll complete a degree at this institution. (3)
o I'm fairly confident that I will complete a degree at this institution. (4)
o I'm very confident that I will complete a degree at this institution. (5)

Q77 Thank you for completing this survey on engineering in the first year.

Q75 If you have any comments or questions, please leave them below.
________________________________________________________________
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APPENDIX 2. LAESE SUBSCALES FOR DATA ANALYSIS
LAESE Subscales Revised – LAESE v3.0
A Product of AWE-Assessing Women in Engineering (www.aweonline.org), NSF Grant
#0120642

Numbers in parentheses correspond to item numbers from the LAESE survey (v 3.0).
The following item subscales are for a total of 31 items (from items 16 – 46 in the LAESE
survey).
Items 1 – 12 are items that gather background data, and data about how students have
chosen their majors. Items 12 – 15 are “scenario” items that examine how students would
choose to act in typical barrier situations.

Engineering career success expectations – 7 items, alpha = .84
1) Someone like me can succeed in an engineering career (16)
2) A degree in engineering will allow me to obtain a well paying job (25)
3) I expect to be treated fairly on the job. That is, I expect to be given the same
opportunities for
pay raises and promotions as my fellow workers if I enter engineering (27)
4) A degree in engineering will give me the kind of lifestyle I want (30)
5) I expect to feel “part of the group” on my job if I enter engineering (33)
6) A degree in engineering will allow me to get a job where I can use my talents
and creativity
7) A degree in engineering will allow me to obtain a job that I like (42)
Engineering self-efficacy I – 5 items, alpha = .82
1) I can succeed in an engineering curriculum (14)
2) I can succeed in an engineering curriculum while not having to give up
participation in my
outside interests (e.g. extra curricular activities, family, sports) (18)
3) I will succeed (earn an A or B) in my physics courses (20)
4) I will succeed (earn an A or B) in my math courses (21)
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5) I will succeed (earn an A or B) in my engineering courses (22)
Engineering self-efficacy II – 6 items, alpha = .82
1) I can complete the math requirements for most engineering majors (23)
2) I can excel in an engineering major during the current academic year (26)
3) I can complete any engineering degree at this institution (28)
4) I can complete the physics requirements for most engineering majors (34)
5) I can persist in an engineering major during the next year (39)
6) I can complete the chemistry requirements for most engineering majors (43)
Feeling of inclusion – 4 items, alpha = .73
1) I can relate to the people around me in my class (13)
2) I have a lot in common with the other students in my classes (15)
3) The other students in my classes share my personal interests (17)
4) I can relate to the people around me in my extra-curricular activities (19)
Coping self-efficacy – 6 items, alpha = .78
1) I can cope with not doing well on a test (29)
2) I can make friends with people from different backgrounds and/or values (31)
3) I can cope with friends’ disapproval of chosen major (36)
4) I can cope with being the only person of my race/ethnicity in my class (38)
5) I can approach a faculty or staff member to get assistance (40)
6) I can adjust to a new campus environment (41)
Math outcome expectations – 3 items, alpha = .84
1) Doing well at math will enhance my career/job opportunities (24)
2) Doing well at math will increase my sense of self worth (32)
3) Taking math courses will help me to keep my career options open (35)
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